Although Lewis rats are frequently used in biomedical research, little is known about their life-data and spontaneous pathology. Therefore, it was the aim of this study to determine the life expectancy, spectrum and incidence of spontaneous neoplasms of the inbred rat strain LEW!Han.
Introduction
For the interpretation of long-term experiments with laboratory rodents, especially in the fields of chronic toxicity and carcinogenicity, an exact background knowledge of the mortality and spontaneous pathology of the animal strain under study is needed (FERON and KROES 1986; HARTIG et al. 1986) . Results from control-matched trials are mostly insufficient for this purpose because of too small animal numbers and too short study duration.
It has been shown that the spectrum and incidence of spontaneous lesions depend on both endogenous and exogenous factors, including strain, sex, age, housing conditions, diet type and food consumption (T ARONE et al. 1981; HASEMAN et al. 1984; DEERBERG 1991) . Therefore, life-long studies, performed with large animal groups and under clearly defined and strictly controlled conditions, are the method of choice to obtain valuable control data concerning mortality, spectrum and incidence of nonneoplastic and neoplastic diseases of a particular rodent strain.
Lewis rats, which have been widely used in medical research because of their special susceptibility to certain allergic and autoimmune diseases (W ATANABE et al. 1987; ETO et al. 1993) , have hardly been examined systematically for their life-data and disease processes. Moreover, the results of the few existing studies are of restricted significance, because they were either obtained from a small number of animals only (LEWIS 1953; HASLAM 1980; KREMEN et al. 1980) or from conventionally maintained rats, the studies being jeopardized by enzootic pneumonia (TALBERT and HAMILTON 1965; FELDMAN and WODA 1980) . This long-term study with inbred LEWlHan rats was carried out to compensate this deficiency and to contribute to a characterization of Lewis rats from the point of view of pathology.
Material and methods
Animals: The investigation involved 324 male and 305 female LEW !Han rats of the 87th and 88th inbred generation. The animals, provided by polygamous mating of 11 males with 150 females, were derived from the institute's specified pathogen-free breeding colony at an age of21 days. As proved by routine examinations of the breeding colony, the rats were known to harbour neither murine viral infections nor endo-or ectoparasites, protozoa, specific pathogenic bacteria, mycoplasma or fungi.
Housing conditions: The animals were separated according to sex and maintained in groups of five in polycarbonate cages (bottom area 1,750 cm 2 ) , on softwood bedding. They were kept in a barrier-type animal quarter at 22 ± 1 °C room temperature, with 55 ± 5 % relative humidity, 15 mm H 2 0 hyperbaric pressure in relation to external pressure, 12: 12light-dark-sequence (6.00 a.m. to 6.00 p.m.), light intensity of about 300 lux, and an air exchange of 20 times per hour. All rats were fed an autoclaved (120 °C for 5 min) commercial, cereal-based diet supplemented with vitamins and minerals (Han:MR3, Eggersmann, Rinteln). The diet consisted of 17.7 % crude protein, 4.2 % crude fat and 6.8 % crude fibre with a metabolizable energy content of 10.3 MJ/kg, administered ad libitum. Tap water was offered ad libitum.
Control and end of study: To allow each animal to reach its natural end of life, all rats were checked daily for behaviour and the presence of clinically visible alterations. A necropsy was performed on all animals found dead and on those which were moribund and killed by chloroform inhalation. All gross lesions were recorded for each animal.
Histology: Excluding three rats because of severe autolysis or cannibalism, a complete histological examination was performed on all animals which died during the first three years of the study: 213 males (66 % of the colony) and 296 females (97 %). The evaluation comprised routinely gross lesions, tissue masses, brain, pituitary gland, eyes, salivary glands, thyroid glands, parathyroid glands, thymus, trachea, lung, heart, aorta, oesophagus, stomach, duodenum, colon, liver, spleen, pancreas, mesenterial lymph node, adrenals, kidneys, urinary bladder, testes, epididymes, prostate, seminal vesicles, ovaries, uterus, cervix, vagina, skin and mammary gland.
Tissues were fixed in 10 % formalin, embedded in paraffin, sectioned at 4 11m and stained routinely with haematoxylin and eosin. In selected cases special stains, like azan according to HEIDENHAIN and PTAH according to MALLORY and VAN GIESON were additionally used to characterize specific lesions. In some cases, tumour tissue was embedded in hydroxyethylmethacrylate and 1 flm-semithin sections were stained with toluidine blue to facilitate differentiation of haemopoietic cells. If necessary for classification, paraffin slides of tumours were examined immunohistochemically by the avidin-biotin-peroxidase method for demonstration of intermediate filaments or hormones (S 100, actin, des min, vimentin, calcitonin).
Classification: The neoplasms were classified according to standard text books like JONES et al. (1983 JONES et al. ( , 1985a JONES et al. ( , 1985b JONES et al. ( , 1986 JONES et al. ( ,1987 JONES et al. ( ,1988 JONES et al. ( ,1989 JONES et al. ( ,1990 and BOORMAN et al. (1990) .
Statistics: The life expectancy, incidence and spectrum oftumours are presented as means ± S.D. or in per cent, separated according to sex and age. Data were analyzed by the chi-square test or Student's t-test.
Results

Mortality
All animals of the study (324 male and 305 female rats) were used for evaluation of the mortality. Up to the 19th month the mortality was low in both sexes « 5 %) and increased thereafter with age, in females more rapidly than in males ( fig. 1 ). The mortality graphs show a distinct sex divergence, the mean lifespan of the males (32.5 ± 6.6 months) being significantly higher than that of the females (27.7 ± 5.1 months). The oldest male reached an age of 42 months and the oldest female an age of 48 months.
In the females, the highest death rate (48.8 %) was found between the 25th and 30th month. The highest mortality in the males was observed within the periods of the 31st-36th month (33.6 %) and the 37th-42nd month (34.3 %) ( fig.2 ).
Tumour incidence and tumour spectrum
Based on the histological examination of 296 females and 213 males,the lifespan ofLEWlHan rats was mainly More than 10 % of the males and more than 30 % of the females developed three or more histogenetically different tumours. 1.4 % of the males and 2.4 % of the females bore at least five tumour types, e.g. one female (34 months) developed an adenoma of the pituitary gland, lung, adrenal cortex and mammary gland and an endometrial carcinoma. The spectrum of spontaneous neoplasms comprised 52 histologically different tumour types for the males and 39 for the females. Of these, 36 different neoplasms occurred with a frequency of 0.5 % or more in either males or females (table 1) .
Of this large number of tumour types, only some neoplasms reached high incidences and/or should be considered as characteristic for LEW/Han rats.
Most commonly, the endocrine system was affected by tumours, including pituitary adenomas, tumours of the adrenal cortex and C-cell neoplasms of the thyroid gland. Adenomas of the pituitary gland were the most frequent finding in animals of both sexes, occurring in 31.5 % of the male and 80.7 % of the female rats, mostly in their third year of life. The tumours usually developed from the anterior lobe and varied in size from microscopic lesions to large masses, the latter being a common cause of death due to compression of the adjacent brain tissue. The frequent coincidence of lactating mammary gland, in 64.5 % of all females with pituitary tumours, indicated a possible hormonal activity of these pituitary tumours.
In 16.0 % of the males and 19.9 % of the females, solitary or multiple neoplasms of the adrenal cortex were observed, usually in animals older than 18 months. Most of them were classified as adenomas (86.0 %), because of their expansive growth and marked compression of the surrounding parenchyma. Carcinomas of the adrenal cortex (14.0 %) were characterized by invasion of the adrenal capsule and the adjacent connective tissue.
31-36 37-42 43-48 months Uni-or bilateral tumours of the thyroid gland were found in 12.7 % of the males and 11.2 % of the females and almost all originated from the interfollicular C-cells. In both sexes the majority of them were C-cell adenomas.
Only eight C-cell tumours (16.7 %) were classified as carcinomas because of invasive growth. Three of them metastasized to the lung.
In 20.9 % of the females, neoplasms of the mammary gland were observed, usually during their third year of life. The majority of them were adenomas and fibroadenomas (70.0 %), while only 28.6 % were classified as adenocarcinomas. Only 3.7 % of the males hadtumours of the mammary gland.
Tumours of the haemopoietic system were among the most common tumours in LEW !Han rats and reached an especially high incidence in males (27.7 %; females: 8.4 %). Although some of them occurred in animals under one year of age, the majority was seen in older animals. Neoplasms of the haemopoietic system comprised malignant lymphomas, leukaemias, thymomas and, in a wider sense, histiocytic sarcomas. Lymphomas (lymphocytic or lymphoblastic type) were defined as neoplasias of lymphoid cells. Besides thymomas and histiocytic sarcomas, all other tumours of haemopoietic cells were classified as leukaemias. Malignant lymphomas were the most frequent haemopoietic tumours in rats of both sexes (table 2) . Whereas only 8 lymphomas were solitary tumours of one lymph node or the spleen, the majority were generalized and predominantly affected lymph nodes, spleeen, bone marrow, liver and lung, kidneys and adrenals.
One thymoma and one not further specified leukaemia were incidental findings.
In 18 animals histiocytic sarcomas were detected (table 2) , which mostly showed a generalized growth pattern in liver, lungs, lymph nodes, spleen, adipose tissue, peritoneum, pancreas and kidneys. Only 4 animals developed solitary histiocytic sarcomas of the skin, salivary gland or the peritoneum.
49.3 % of the females developed neoplasms of the ute- (table 3) . They were mainly "pure" adenocarcinomas (76.1 %), displaying only scarcely small clusters of metaplastic squamous epithelial cells. Whereas one half of them were well to moderately differentiated, consisting of alveolar or papillary structures ( fig. 3) , the other half showed a 4) .
In 17.1 % of the endometrial carcinomas, large areas of autonomous squamous epithelial growth occurred. Depending on the malignancy of their squamous epithelial part, these tumours were therefore classified as endometrial carcinomas with benign or malignant squamous differentiation ( fig. 5 ) or squamous cell carcinomas. Endometrial carcinomas were a common cause of death, because of their size and strong tendency to metastasize. In 62.7 % of the affected animals, widespread metastases were found in the abdominal cavity, often invading the capsule and parenchyma of adjacent organs. 36.6 % of the carcinomas metastasized to the lung.
Discussion
In their study with conventionally maintained animals, FELDMAN and WODA (1980) observed a mean lifespan of only 24.2 months for Lewis rats of both sexes. TALBERT and HAMILTON (1965) described an even lower lifespan of only 16 months for male and 15 months for female Lewis rats. However, data of both studies are of restricted biological significance because they were derived from diseased animals whose life expectancy was limited by respiratory infections. In contrast to this, in the present study LEW/Han rats, taken from a specified pathogenfree breeding colony and maintained under strict hygienic conditions (barrier-type animal quarters), reached a high lifespan of 32.5 ± 6.6 months for the male and 27.7 ± 5.1 months for the female animals. This confirms the results of previous lifespan studies with Han:WIST, Han:SPRD and BDIIIHan rats, kept under almost identical conditions in the same institute (DEERBERG 1991) . Of these, only Han: WIST rats reached a longer lifespan than LEW /Han rats with 32.7 months for the males and 30.2 months for the females.
In rats which are protected against harmful infectious and non-infectious influences, main causes of death are genetically determined, age-associated pathological alterations, mostly neoplastic diseases. Therefore the observed high tumour incidence of 97.6 % in female and 90.6 % in male LEW /Han rats is not a characteristic feature of this strain, but results form the long lifespan of the animals kept under favourable maintenance conditions. The significant sex divergence in the life expectancy of LEW/ Han rats is mainly caused by the earlier death of females due to high incidences of pituitary adenomas and metastasizing endometrial carcinomas.
In this investigation, the calculation of the tumour spectrum and incidences was based on the histological evaluation of all animals which died during the first three years of the study. These were 97 % of the females and 66 % of the males under study. Whereas the results for the females may be taken as representative for the whole colony (only 3 % of animals lacking), the tumour incidences determined for male LEW /Han rats should be considered as a tendency, taking into account that one third of the animals was not included in the evaluation.
A large spectrum of histologically different tumour types was found in ageing LEW /Han rats of both sexes. With increasing age, more than one tumour type per animal was a frequent finding. However, only some tumours reached biologically important incidences. Of these, neoplasms of the pituitary gland, thyroid C-cells, adrenal cortex, mammary gland, uterus and haemopoitic system were found to have a significant influence on the life expectancy and to characterize LEW /Han rats from the point of view of pathology.
High incidences of endocrine tumours and tumours of the mammary gland are also found in other rat strains and stocks (SOLLEVELD et al. 1984; DEERBERG 1991) . 31.9 % of the male and 80.7 % of the female LEW /Han rats developed pituitary gland tumours, usually in the form of adenomas of the anterior lobe. The sex divergence is highly significant. Of the female tumour-bearing animals, 64.5 % also had lactating mammary glands. As the pituitary hormone prolactin has mammotropic effects, it would be worth examining the hormonal activity of pituitary tumours in LEW /Han rats with immunohistochemical methods in a further study.
As the main characteristic of the inbred strain LEW /Han, high incidences of haemopoietic tumours and of endometrial carcinomas were observed in males and females, respectively.
At 27.7 %, the incidence of haemopoietic tumours in LEW /Han males is extremely high when compared to other rat strains and stocks. Only the "large granular cell leukaemia" of WistarlFurth and Fischer 344 rats, a strainspecific tumour type with restricted relevance for other animals and man, reaches higher incidences (MOLONEY et al. 1969; SOLLEVELD et al. 1984) . The results of the present study confirm the observation of rare cases of spontaneous lymphomas in Lewis rats made by LEWIS (1953) and KREMEN et al. (1980) . FELDMAN and WODA (1980) calculated the incidence of lymphomas to be 17.0 % in the male and 5.4 % in the female Lewis rats. As in the present study, most cases of haemopoietic tumours were found in animals which died during their third year of life, the lower incidence in their investigation may be explained by the lower life expectancy of the rats.
Because of the high tumour incidence, male LEW /Han rats might be suggested as a natural model for haemopoietic tumours, especially for malignant lymphomas. Further investigations concerning their applicability as a tumour model should include an exact immunohistochemical classification and the evaluation of a possible viral aetiology.
In the female rats of the study, endometrial carcinomas reached the extremely high incidence of 45.2 % and predominantly occurred in the first half of the third year of life. Taking into account the malignancy of these tumours as indicated histologically by their size, morphology and metastases, endometrial carcinomas have a distinct influence on the life expectancy of female LEW /Han rats.
No endometrial carcinomas, but 29.8 % ovarian carcinomas were diagnosed in female Lewis rats by FELDMAN and WODA (1980) . Unfortunately, the morphology and pattern of metastases of these tumours were not described. Therefore, considering the frequent peritoneal metastases and variable morphology of endometrial carcinomas in the present study, it cannot be excluded that some metastasizing genital tumours in the study of FELDMAN and WODA (1980) might have been of endometrial origin.
According to standard text books, endometrial carcinomas are rare findings in laboratory rats. However, in the Central Institute for Laboratory Animal Breeding, high incidences have already been described for females ofthe outbred stock Han:WIST (39 %) and ofthe inbred strains DAlHan (62 %) and BDIIIHan (90 %) (DEERBERG et al. 1981 (DEERBERG et al. , 1985 DEERBERG and KASPAREIT 1987) . All studies were performed with virgin animals under almost identical maintenance conditions. The development of endometrial carcinomas in virgin rats may be explained by an unopposed oestrogenic stimulation of the endometrium, caused by hormonal disorders and the development of a permanent oestrus in virgin rats at the end of their first year of life (Lu et al. 1985; DEERBERG and KASPAREIT 1987) . In humans, endometrial carcinomas are the most frequent neoplasms of the female genital tract. There is good epidemiologic evidence that use of oestrogens promotes the development of endometrial cancer, the risk increasing with increasing duration of use (ANTUNES et al. 1979; EWERTZ et al. 1988 ). The primary exogenous sources of oestrogen are oral contraceptives and hormone replacement therapy during the menopause (ZIEL 1982; HENDERSON et al. 1988) .
In woman, approximately 20 % of all endometrial carcinomas show areas of squamous epithelial metaplasia or neoplasia (ROBBOY and BRADLEY 1979; CONNELLY et al. 1982) . The frequent occurrence of squamous epithelium in the endometrial carcinomas of LEW !Han rats makes them therefore highly similar to human endometrial neoplasms. For this reason, virgin LEW!Han rats might be used as an especially suitable natural model for human endometrial cancer. Because of the high tumour incidences observed, this model will not only be useful for the investigation of therapeutic questions, but also of endocrinological and genetical influences on the oncogenesis.
